gl ‘5'7'7

[

-

R TN

e 19930072496

MR Nov. 1942

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

N

TR ED'EY V YED ) 1\
‘ / WA B¢ 4 |
- , o ol
ORIGINALLY ISSUED
November 1942 as
Memorandum Report
CONTROL-MOTION STUDIES OF THE PBM-3 FLYING BOAT
IN ABRUPT PULL-UPS
By Henry A. Pearson and Leland K. Smull

Langley Memorial Aeronautical Laboratory
Langley Fleld, Va. :

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reprcduced without change in order to expedite general distribution.

L =577



MEMORANDUM REPORT

for
Army Air Forces, llateriel Command
and
Bureau of Aeronautics, Navy Department
COMNTROL-MOTION STUDIES OF THE PBM~§ FLYING BOAT
IN ABRUPT PULL-UPS |
By Henry A. Pearson and Leland X. Smull
INTRODUCTION
For some time 1t has been felt that the strength
requirements of control surfaces should be placed on a more
rational basis and that they should in some manner be related
to the acceleration, rolling, and yawing performance required
of the airplane on which they are installed. Due to the
fact that existing requirements were easily applied and few
fallures of control surfaces had occurred untll recently,
the rational methods, although they were available, were not
used. This was in part due to the fact that they were, in
general; too long and, in addition, that the critical types
of control motion were not known.
Recent failures in which both the horizontal and vertical
tall surfaces were apparently involved have resulted in a
desire ,to use the more rational methods in spite of the extra
work that will be neceséary. A first step, that of simpli-
fying the theoretical methods as much as possible, has
already been undertaken (reference 1). So far thevresults

have been confined to horizontal tail, and they show, as
]
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would be expected, that for the maneuver condlition the up
tail load is dependent mainly upon the normal acceleratior
while dOWR TALL LOBAU UDPTLIMD  wpves veo= = T
controls are moved. Both the maximum up and down tal.
10ads, however, vary with the statilc atability of the
girplane.

The second phase of the problem, that of determining
the rate of control movement, 1s not amenable to analytical
treatment since 1t will depend both upon physiological and
psychological factors. Thus, in order to obtain data on
this vpoint, it 1s necessary to determine by actuel test the
most critical stick motions which might be used in the
different aifplane categories.

To ‘obtain such data, the best procedure would be to
determine by statistical methods the rates of movement
actually USEQ DY VaLivuue phiavvw === oo _
1f, however, 1t could be shown that the control-surface
10808 ATEe TBUBUILIENLT, wyvis e

TG

possib‘ie, TIEIL & QULlUnus s == o =
méthod,as far as the controls are concerned, would be to use
the greatest rates which a pilot can impose.

The present paper 1q the first of a number of control-
motion studies that are to be made in Flight covering a

range of types and sizes of modern airplanes. The control-

MOTLON STUGLES ropui vow swve~ 1670 m@e on a large flying
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boat, the PBM-3%, The control mechanism of this alrplane is
typical of the cable—type systems that are incorpofated in ;
large transport, cargo, or bomber airplanes as well as those
employed in flying boats. Fo> this reason, the ®ata
rresented are probaTly representative fo> most large airplanes
utilizing cable systems.

The tests reported herein were conducted at the Naval
Air Station dﬁringuthe périéd from September 1 to October 1,
192, with the cooperation of the B eau of Aerdnautics,
Navy Department.

APPARATUS
Airplane. - The essentlal characteristios of the PBM-3

flying boat (fig. 1) are as follows:

Elevator area, square feet . . . .

Span, feet v v v v v 4 e e e e e e e e « . . . . . 118
Length, feet . + « « + v « v v « o« o« & . . . » 80
Wing area, square feet . . . + « « . . . . . 1Lo7
lorizontal tail area, square feet . , s e . .. 22

s 13 . .
.

C e e ... 9602

Balance area .« o + « o s s e s e s e 4 . « e . e 23,55
Distance from center of gravity to center

of 1ift of the horizontal tail, feet . . . = . . . . L1.0

Design gross weight, pounds . « +« « « o & « = « . o L16,500

Recording instruments. - Two control-po 1tion recorders

were used to determine the motion of the elevator. One was
mounted between the rudder pedals (fig. 2) to measure the
longitudinal motion of the control yoke wh oh was the motion
impresséd on the elevators The other was mounted in the
rear gumner's turret (fig. 3) and was attached directly to

the elevator torgue tube to measure the angular movement of



theéelevator. The control wheel on the oo~pilot's side was
renlaced with one eguilpped to record control force (fig. LY.
Tn additlon to the above instruments, a standard NACA
recording accelerometer and a turn meter to record the
piltching velocity of the airplane were also installed at the
center of gravity of the alrplare {(fig. 5). - One-tenth

second timing was impressed on all the records to give time

}Ja

histories of the recorded motions, accelerations, and
velocitiles.

Tn addition to the results recorded by the above instru-
ments, observations were macde at the start of each run of the
pressure altitude, indicates airaspeed, and manifold pressure
from the airplane's instruments. ’

- | METHOD AND RESULTS

The program of tests carried out on the PRM~-3 divided

i1tself naturally into thres phases: The first phase was a

Fal

determination of the stabllity characteristics in steady
level flight and the computati@a»of possible tail loads 1n
maneuvers; the second phase was & series of ground runs in,
which 'the elevator was moved as rapidly as possible; and the
third phase was the actual pull-ups in flight,  The relation
of these various phases to each other will become apparent

from the following:

Stability runs and preliminary computations. - A number

of unu factors were involved in Oar the pres
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program and as a result careful preparations were made to
reduce any hazards that might occur, Since the tall loads
were exnected to be quite severe in the type of pull-ups to
be made, it was necessary to compare the loading conditions
fOr which the tail was actually designed with calculated
10a@ings using the fastest mOssible stick mOtiOnss For

such calculations a number of aerodynamic parameters were

neOessary. Some of these were Gebormined in flight while
others were obtalned from wind-tunnel data. The flight

tests required tO determine these varameters OOnsisted of a
number of steady Clight runs at various airspeeds throughout
the speed range with ths center of gravity at 25 an® 5&%
perOont Of the mean aerodynamic chord. In these tests two
pOwer OOn@itions were use®, one being approximately full
pOwOr while the other was with the engine throttied. The
pertinent ®ata obtaine® during Shese tests are given in
table 1 wherein‘up elevatOr an® up tab are @esignate® Ty
minus signs. The ‘elevator setting given is that measure®
at the tail and so do€s not inOlu®s any cable stretch; the
tab setting listed 1s that necessars fOr trim under the
given flight 0On@itioOn

T ©ata Obtained from thee® tests, together with that
obtained in subsequent grounc tests on the rates Of stick
motion, enabled a computation to be made of the maximum

tail 10a®@ likely to be encountered in light. The compute®
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values of the tall load using maximum rates were then compare®

with the design tail loads in or@er to determine whether the
pull-ups ooul® be made with safety.

As a matter of reoo>®, e loa® faotor a  tail-loa®
variation computed fOr an aotual rapi® pull-up are gisten in
figure 6 fo> the center-of-gravity location ofk28 percent mean
aerodynamic chor®, The computed values were obtained® Ty the
method of reference 1 in conjunction with the actual elevator
motion measured in flight and the characteristics listed in
table 2.,  The limit design loads for the horizontal tail as
obtained from the manufacturer are given in table 3, For
comparison, the loa®s computed for the pull-up of figore 6 are
also given in this table.

Ground runs. - Following the steady flight =stability

test=, a series of abrupt elevator defleotions were made,
with the ship sitting on the ramp, in which time histories
‘'were obtained of the elevator motion impresse® at e stiok
an® that obtaine® at the torque Tube. In the first series
of groun® tesxts, instructions were given to four different
pilots to move the controls as rapidly as possible with no
restriction as to the amount of travel, The varlation of
the measured quantities obtained in theée tests are gilven in
figure 7.

In addition to the above tests, a series of three pull-

backs was made, in which the control was to be moved as

&
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rapidly as possible, subject to the restriction that the
oontrO0l he moved less than 12 inches. This restriction
was Imposed in or®@er tO simulate what was believed might

3

actually occur in flight where the pilot would be OOnstrai @@,
by the airplane's characteristics as well as by both physio-
Logical and psychological factors, tO smaller deflections.

aiven in

D

The results of this shiOrt series of tests are
figure 8 where the elevator ongle impressad at the =tiOk and
the control travel are represented by a single curve with
different or@inate =20aless

In a@Cition to the pwint-by-point evaluation of the
film records that was necessary tO Obtain the time history
given in figures 7 and 8, the maximum rates were Obtaine®
directly from the record films by measuringkthe maximum
slopes.- The maximum rates so determined, which may differ
slightly from that obtained from the plotted time histories,
are a>ized in table L in the columns labelled "ground
runs."

Pull-ups. - Upon completing e ground runs an®
determining that the tail lmads to be enOOuntered did &
excee® The design values, a series of 2. pull-u s were ma®e
f>om power-on level flight. The pull-ups were made at
three initial airspeeds of approximately 18, 200, wid 220
miies per hour at each of t+O oenter-of-gravity positiOns,

namely 26 an® 30 percent m@an aerodynamic chord.  These
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pull-ups were all made within a period of less than 30 minutes
by the pilot who was most familiar with the ship.

The instructions given to the pilot were to pull up to
approximately a 3%g acceleration, at each of the three speeds
and two center-of-gravity positions, using two types of
control motion. A repeat run was to be made for each condii
tion, In both types of control motion, the pull-back was
to be made as rapidlv as possible only in one type, designated
type II; an effort was to Te made to move the stick more than
was necessery an® then tO nrevent overshooting 3g T an
abrupt control reversal, In the other type, ®esignated
ty e I, the oontrol was to be moved as repi@ly as possible
only to the amount necessary tO give 3g.

Figure 9 is the recor® of the accelerations Obtaine®
with the V-G recOr@er during the 2l pull-ups. Figures 10
through 21 give the time histories of the recor®e® quantities
measured in the pull-ups. Tiey are arranged in a mane r so
that comparison can be made directly between the so-oalle®
type I a t pe II pull-ups The maximum oontrOl foroes
measured are listed with each of the runs,

The maximum rates of elevator and stick movement measured
directly from the record films are shown in figure 22 plotte®
ageinst indicated airspeed, Different symbols are used to
Gesignate both Bhe type of elevato> motion and the ocenter-of-

gravity position. In figure 23, the increments 1in elevator



-9 -

movement required to effect the pull-ups are plotted versus
airspeed fOr the two center-of-gravity positions used.
DISCUSSION'

As may be seen frOm the time histories Of the ground
runs (fig. 7), there was an initdal lag Tetween the control
and the elevatmr motion. During the initial accelerating
perio® of the control Oolumn, the cable and pulley system
stretched storing potential energy which, during the latter
part of the pull-baclk, caused the elevator to catch'up énd,
in some cases, actually to lead the control. At the end of
the mOtion, thé stored kinetic energy caused bOth the control
and the elevator to trével beyond the static limits of the
system.

Ixamination of the maximum rates of control movement
attained (see table h) in the ground tests indicated no
marked or cocnslistent differences between'the varioué pilots.
The maximum rates obtained ranged from 82 to 111 inches per
second, all of which were slightly higher t n the average
maximum value .of about 80 inches pef second, quoted in
reference 2.

When a ‘mental restriction as tO the a unt Of Bravel
was imposed (see fig. 8), the mocimum rates Obtained were
o1.ly about one-third of that Obtained with no restriction.
It is bhelleved that the impoéition of a restriction as to the

amount of travel will always result in a somewhat smaller

.
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maximum rate although the reductions may not be as drastic as »
in the present case. Tor the PBM~-3 the spring of the control
system was such as to cause a rapid feedback dﬁring the
latter part of the motion which, in some cases, was greater
than the pilot could control. This may have influenced the
results somewhat in the case of the restricted motions.

The results of the flight tests (figs. 10 to 21) all have
one thing in common, namely that the elevator angle reached
was considerably less than that impressed at the stick. ‘As
shown in figure 23, at 18l miles per hour the ratio of the
actual to the impressed angle is about 0.4,5, whereas at the -
highest speed tested (220 miles per hour) this ratio is about
037,

The springiness of the control system also had a marked
effect on the "type of motion." As may be seen fron
figures 10 to 21, the only difference actually obtained
between the two types is that the pilot, in trying to carry out
instructions, pushed forward more in the type II pull-up than
in the type I pull-up. The "give" in the system as well as
the disadvantageous position in which the pilot had his arms,
with the control moved back about 10 inches, prevented him
from using more elevator than would normally be required for
a 3g pull-up. The results shown in figure 23 clearly
indicate this variation in that at a given speed the elevator
angle Increment 1s the same regardless of the type of motion

that was specified.
}

~
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The maximum rates of control movement (see fig. 22)
decreased with an increase in the initial airspeed. A
comparison of the rates obtéinéd on the ground with those
takeh in flight (table h) indicates the flight values to be
on the average about one—thiré less. This 1is somewhat\
contradictory. to previous thoughts (based on the ground test
reported in reference 2) on the subject that, provided the
forces are within the pilot's limitation, thgy have little
if any effect on the movement, It 1s possible 1in the
present case that, in spite bf the pilot's statement thét he
had no hesitancy 1in pulling the control back aé ranidly as
possible and the observer's opinion that this was done, sone
psychological element entered.

It is thought that the decreése in rate of movement
with airspeed that 1s shown in figure 22 is due to the
increased aerodynamic resistance encountered as the speed
increased. The decrease in rate that is shown with the
center of gravity moved to the rear is thought to be due to
fatigue on the part of the pilot since the tests with the
center of gravity at 30 percent were verformed after those
with the center of gravity af 26 percent and all of them

were performe® within a period of 30 minutes
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CONCLUSTIONS

The results of the tests indicate:

1. That the elasticity of the elevator control system
of the PBM-3% was such as to 1imit the obtainable
acceleration to about 3z for center-cf-gravity
positions in the usual operating range, that is,
26 to 30 percent mean aerodynamic chord, and for
the range of alrspeeds covered by the tests.

2. That the maximum rates of stick movement obtained
in the ground tests did not vary materially with
various pllots; the rates measured tanéed to be
slightlﬁ higher than previcusly measured value.

5. That fhe maximum measured rates of stiék
novement obtained in flight were about one-third
less than on the ground; for design purposes a
maximum rate of 20w inches per second should be
adequate for airplanes of this size.

Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,
Langley Field, Va., November 12, 192,
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TABLE 1

DATA RECORDED DURING STABILITY RUNS

Weight 45550 Cg. @ 25% Power on |Weight? 44350 Cg. @ 345% Power on
| v |Rem|ar?, [Erev | 726 | V. [RPM|AJF, [Elev | 706
mph 7 selteng sefring mph fr selting |setting
/04 (2295|8100 |-4.6 |+2.4 |104 |2295|7350| 1.9 |-20
/118 |,295|83¢0-24 |+ .2 |1/5 |2290| 7800\ 4.6 | -2.8
/)26 |2295|8590)+0.6 |-70 |i126 |2300| 8000| 51 |-3.4
/38 |2295|9/201 2.4 -/ 2 /38 2300 | 8250] &8 |-3./
/50 12305 9450 33 |-2.0 | 150 2305 8450 ¢.5 |-3./
/6/ 2300 9430 | 4.2 -2.2 /6! | 2310 8600 7./ -3.5
172 |23/0| 9400 4.6 -2.6 |172 |23/0 | 8800f 7/  |-4.0
|84 | 23/0| 9030| $¢ |-3.0 | 184 |23/5 8200 74 |-4.2
/96 |23/0| 8700|568 |-3./ /96 (2315 | 7600 76 -4.5
Note : Jab settug recorded 1s 11t required rfor trim, -
mmnos Indregles 74 aﬁy/@

Weight 45550 Cq.&) 25% Fower off |Weigh? 44350 €7 @ 345% Fower off
v | RPM| AIE |Elev. | Tab | v | RPM 477 | Ejer | 7ab
mph ft  |selfing |seting|mph 77 setling|setfing
104 (2295|3800 | -4.¢ |+21 | 104 | 2295 |4400| 2.8 | 28
115 (2295|3900 | -1.2 o /115 | 2295|4400 | 4.6 -3.4
126 |2300|4000 | 1.0 |-08 |/26 |2295 4400| 5.5 | -34
/38 |2320(4/00 | 2.8 |-1.2 | /38 (2295|4500 6.9 -4.0
/50 (2320|4400 | 3.6 |-27 | 150 |2285|4800| ¢.6 |-20
16/ [2320|4400 | 4.2 |-20 | /6l |23054900| ¢ o |-4.0
/72 | 2320|8000 | 4.6 -2.4 /72 12305 5300 7.4 |40
/84 12320\ 8500 | 53 |RS | /84 |2305|6000| 7.6 |-3.9
196 2305|7000 | 55 |-30 | /96 |2308 |¢400| 7.7 |-20

NATIONAL ADVISORY .
COMMITTEE FOR AERONAUTICS
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TABL= 2

CONSTANTS USED IN COMPUTATIONS OF PBM~3 FLYING BOAT

S wing area, square I'eet e e e e . o
Sy tall area, square feet . . . . . o .
‘Se elevator area, square feet . . . o e e e
b wing span, feet . . . . . . . o= L, ..
bt tail span, feet . . = . . . . . - . .

xy distance from aerodynamic center tall

to center of gravity, feet . . . . . . .
k> radius of gyration in pitch, feet . . . .
W gross weight at time of pull-up, nounds. -
dCr, . . R
T0 slope of ailrplane 1ift curve including

thrust component and with tall surfaces
in place L] * L] L] . » . ] ° L] ° - L] . ] L]

K empirical damning factor . « + « + ¢« ¢« « .« &
ny tail efficiency factor, qp/d « + . « . . .

horizontal tail 1ift curve slope/radian .

dat

dCLt a3 .

e elevator effectiveness slope . . . . . .
© airpl e mass, slugs < o« o o« o o % = = o "

A aspect Tatio D/S « . . 4 0 4= e u e . .

o air density (5800 feet), slu s per cubic foot

d -
"a""‘ dOWl’lW&Sh IaCtOI’ . . . L3 - . ° » 3 . . . ° .

EE“E rate of change of -elevator moment
t with camber « « . « « & « o o « o .

e

©

-

. 1407
. 2&2
. 96.2
. 108
. . 28

-41 0
. 15.00
li5,000

L 1.1

« 1.0

. 1.83

. 1100

0.002
0.5%
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Table 3
Summary of limit loading conditions
tail of PBM-3

hor

1Angle ofattack

Deflected control

"Net load

load surface load
Right | Left Right | Left | Right} Left
Balancing load : V
c.g forward 1-2769(-2769| 2882 | 2304 | 182 | 170
24.40/0 : 3
Bolancing load
cg aft 35.5% |-2893 |-286892 | 3640 3485 692 692
Vertical gust
load 4431 | 4431
Horizontal
gust load -331 331
Moneuver :
load 4431 | 4431
Landing
inertia load 6505 | 6505
é x g (980 | 1980
§ 2 [|2O7MAC -2262 |-2262
OE . -
L0T g <9 2060 | 2060
o+ 9 |28%MAC -2094 {-2094
Ovo o0
—29¢f cg 2445| 2445
P2 30%MAC -2089 |-2089

Né’f&l Minus mdicdles down'load

NATIONAL ADVISORY

COMMITTEE FOR AEROMAUTICS
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GROUND LINE
Fiaure 17~ Three-view Ine drawria oF FBM -3 airniarne.
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Figure 2.- Control position recor®er for reocor®ing
stick motion.
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Control position re0O

Figure 3 -
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Figure 4.- Wheel control force recorder mounted on
stick for recording maximum control force,
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Figure 5.- Recording accelerometer, recording turnmeter
and timer mounted at center of gravity of the airplane.
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